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Fundaments

-ﬁhﬂmp__:rr_ tiierglobal inventory,
geographic; distribution), and -

T T T ) TV T 0] T
~anthropogenic CO3 in the

0ceans?

2. What are the magnitude,
spatial pattern, and variability of

air-sea CO, flux?

3. What are the major physical,
chemical, and biological feedback
mechanisms and climate
sensitivities for ocean organic and
inorganic carbon?

4. What is the scientific basis for
ocean carbon mitigation
strategies?




Observing Hydrography Water Column
System VOS pCO2 il

Surveys
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Time Series Margin
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Feedback & * Fg\?ad] E:;:ilg ::
Evaluation . .
CO2 Science Team Synthesis & Modeling Process Study Team,

Continental margin b ( Phys., chem. and biol. b " Air-sea CO2 fluxes |
air-sea CO2 fluxes and controls on ecosystems at basin to global
| biogeochemical cycling and feedbacks to climate | scales

=4

" Seasonal to interannual " Evolution & transport of i
variability of carbon cycle natural & anthropogenic
ecosystems, production carbon, nutrients,
. & subsurface dynamics | oxygen, trace metals

PRODUCTS

4Hé/8260(;)cean Carbon and Climate Change Data Management System




International Ocean Carbon
Coordination Project

In Situ Water-
Column

-Chlorophyli=a
-Phytoplankton

-CDOM

-Total suspended particles
-Photosynthetic rates
-phytoplankton and non-
pigmented particle absorption
spectra

-DOC

-Optical measurements
-Fluorescence (in vivo)

=pCO;
T ) —Nutriepts —
b -Incoming solar radiation
—_—— -Wind speed, direction
-SST

_—_‘

-Fast rep.-rate fluorometry

|:| Planned/pending approval

Existing System - Satellite missions adequate to meet requirements
for the medium-term. In situ network must be enhanced through
times series and VOS measurements.




Repeat Hydr_gg!%iﬁ Program (US CLIVAR and carbon programs)
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| 2003 ~2012

Conduct ongoing
program in which 31
ocean sections planned
spanning the global
ocean are re-occupied
every 10 years.

WOCLE/JGOFS/OACES Global CO2 Survey
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:'f\/[odel Cahbratlon and Valldatlon
system studies
nd freshwater storage and flux

T =l'
-1-'-' -.--r"'l—
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—— Deep and shallow water mass and
~ ventilation studies

Calibration of autonomous sensors

—
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Column inventory of anthropogenic CO, that has
mulated in The ocean between 1800 and 1994 (mol m- 2)

T 17 e

g S,

= 1 l]ll

Mapped Inven‘ror'y 106117 Pg C
+ marginal seas 6+ 6 Pg C

Total Inventory 118+19 Pg C
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The magnitude and interannual variability of uptake of
carbon dioxide (CO,) into mode waters are poorly
quantified.

120 E 180 E 120 W

J J _r r_” J_x rJ ’.l“ r.r\)_r)J 0 ’JJ Bl Deep and Bottom water

Bl High density mode water
Mode Water (STMW) = Sibromcn oo v

—— Subtropical gyre circulation

Maoditied from Talley (2000)

Source: Talley, 2000



#

sloR0as flux at the sitevor:STMW. formation should
WEIEase-STMW by 2-3 pmoles kg yr-1.
> C O3 Jm'“ retained in STMIW during recwculatlon since
~[eHTE rJt to lack of subsequent deep winter mixing
253 9Chl _ d with extensive STMW across the subtropical

Wie,

Empirical and model studies report
different annual formation rates of
STMW, ranging from 5 to 23 Sv (Sv =
106 m3 s-1).

*After STMW formation, the average
time for a parcel of STMW water to be
transported from the site of STMW to
the western boundary current along the
path of gyre recirculation has been
reported at 6-10 years.
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SeaWilispsiozoptical data Archive & Storage System
: SeaBASS -

Data from over 1250 cruises
Apparent Optical Property (AOP); Chlorophyll-a (CHL); Aerosol Optical Thickness (AOT)




(Ehiremwplionic DOM: An lgnored Photoactive
Tiracer of Geochemical Process_ _
clson & Carlsem[UCSB| NSE/NASA Support

\/\/ormrm-r PDOIESESH . - —— .
CL JOi\ iSireguiated by solar & mlcroblal PrOCESSES

fshieuldlact as a photoactive water mass tracer

\/\/or":

J\_/_Léj EPOIV & CIDOM rate determinations on Repeat Hydrography cruises
BRDEVEIOP & apply models of CDOM dynamics to test our hypotheses
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In-situ POC vs SeaWIFS LNW(555)7 LA
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POC on CLIVAR/CO2 Repeat Hydrography /’ | *‘m\

A16N line: North Atlantic / ( ' \
July 1988 : 60° 55° 50° 45° 40 35° T oo / ( .

WOCE
data

WOCE Line a16 (McTT), RV "Oceanus", July 1988
POC calculated from Cp using Model Il regression
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POC from bottle samples 2004 in prep




POC on CLIVAR/CO?2 Repeat Hydrography

June 2003
CLIVAR
preliminary
data

Jim Bishop,
LBNL, preliminary
Data NOAA/ONR

A16N line: North Atlantic

POC [umol L]
Ron Brown June-July 2003 WOCE A16N

ep

Latitude



k, 600 (cm/hr)

(X NeX X N

Tracer N-2000
Tracer Wat-91
Tracer-Wann
Rn

C-14bomb
C-14 nat

k, 600 W-92
k, 600 L&M

T i Vi, e

Function of:

Temperature, Salinity, TCO,
Biology (photosynthesis/respiration)
Transport (horizontal/vertical)

(B) Climatological pCO, in Surface Water for February 1995

190 275

Takahashi et al 2002

300 325 350 375
Seawater pGO, (Uatm) at SST
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Aldimap ol existing and planned -

ficarssurface pCO, measurements -
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Production of pCO, maps in the Caribbean. Empirical algorithms are being
developed with parameters that are measured at higher density/frequency
(e.g. through remote sensing.). The close correspondence of temperature
(left panel) trends and pCO, (right panel) along the cruise track (bottom)
facilitates robust algorithms to extrapolate the pCO, to regional scales.
From Olsen et al. (2004).
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Cosca et al., (2003)
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Reynolds SST
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La Nina: 0.8-1.0 Pg C year!

Average: 0.6 = 0.2 Pg C year!

CO3 Flux calculated with estimated fCO»

110°W
130°W

150°W

from Feely et al. JGR (in press)

CO, Flux (moles - m”yr)
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Fitted fCO SV (x12.5) = 4.49*SST(x0.86) + 8.01*Salinity(x1.39) +
550 F 47.1*Chl(x10.3) + 12.4*N03(:|:0.75) + 2.49*H‘Si0 4(:!:0.89) -57.39

- r’=0.880 -
- n= 3{'6 -

[patm]
=

N

N

o
|

2

400 F

Fitted fCO sw

350

300.----I.---ll--nl-ll-llnnnlnn

300 350 400 450 500 550
Measured fCOZSW [patm]




B
=

= SEF = R 828 z 2888 = = ssst -
Chlorophyll 3 Concentration (mg/m?) S—
L
= Qcean physics, surface heat fluxes and biogeocheristry A = Ocean physics and biogeochemistry [] = array
o by t: hiesat 1] o ki hietnistry & =0 biysi d ki hemistry [] = TAQITRITOM ,_q__
. -
| em—

= T e
e Francisco Chavez, MB,_&B?E



1997 - 2003 Daily Averages at 155°W, 0° and 170°W, 2°S
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Repeat Hydrography Schedule and Measurements

Overall Coordinator: Jim Swift

Level I Core Measurements Level I Core Measurements
Surface
Year of Contact/ | cTp/0,/| ADCP | Bottle Underway TOC/ Trace | C13 | ACY
Project Cruise Days Ports Dates Chief Scientist | Nuts | LADCP | Salinity | CFC DIC TAlk |T,S,pCO,| He/Tr | TON | pCO, pH Metals Cl14 POC | CDOM
1 AI6N a2 e il 6/18/03-8/11/03 | Bullister, PMEL . . . . . . o . . . . o o
Fortaleza
2 A20 29 Wl 9/22/03-10/20/03 Toole, WHOI . . . . . . . . o . .
Port of Spain
2 A22 21 Port of Spain - | 14/73/03.11/14/03 |  Joyce, WHOI . . . . . . . . o . .
WHOI M
Yokohama- - .
2 P2 7 Honolulu-San 6/13/04-7/25/04 sw'm;g’b‘"s’ . . . . . . . . . . .
Diego "
3 Al6S 46 Punta Arenas | yanioaanans | Wnekhon . . . . . . o . . . . . . .
3 P16S 40 Wellington-Tahiti A"s"“zloso“sm'““ Talley, SIO . . . . . . . . . . .
4 P16N 57 Tahiti-Alaska 2006 Feely, PMEL . . . . ] ] oo . . . . . . .
5 S4P/ P16S 25.5 Wellington-Perth A"s"“zloso“7mm°" . . . . . . . . . . .
5 S4P/ P16S 255 Wellington-Perth A“s‘”‘;oso‘;'““‘" . . . . . . . . . . .
Punta Arenas- McCartney,
6 P18 32 Easter Island 2008 WHOI : ° ° * * y . y : ° ° o °
6 P18 35 Easter Is.land— 2008 . . . . . . . . . . . .
San Diego
6 168 42 Cape Town 2008 . . . . . . . . .
7 N 47 Port Louis- 2009 . . . . . . . .
Mascat
7 188 38 Perth-Perth 2009 . . . . . . oo . . . .
7 9N 34 Perth-Calcutta 2009 . . . . . . oo . . . .
8 15 43 Perth-Durban 2010 . . . . . . . . .
8 135 62 Abidjan-  Cape 2010 . . . . . . . .
Town
9 AS 30 Tenerife-Miami 2011 . . . . . . . . .
9 A21/ SO4A 42 Punta Arenas- 2011 . . . . . . . .
Cape Town
10 Al0 29 Rio de Janciro- 2012 . . . . . . . .
Cape Town
‘Woods Hole-Port
10 A20/22 29 of Spain-Woods 2012 . . . . . . . .
Hole

'PIC on A16N only
e Surface only

Indicates Cruises Completed

Repeat Hydrography

[-LeuppoctoribelusicitvarlandlcoNpragian=]



I recommended measurements
57 desirable on subset of U.S. cruises)
j;_—Level [T ancillary measurements (on

g Opportumty and space available basis)

| Repeat Hydrography

[nlsuppoctloffiheluslciTvarlandlcoNprograms]



J_) 18301 I "Iﬁ'brgamc

-~ - - -._.__'o'-._._._._d

(s y standard autoanalyzer (NO,/NO,, PO,, S1(OH),
_:ﬂe_ m—exygen (0,)
= -49 moﬂuorocarbon tracers CFC-11, -12, -113
~~.a=:7“l‘f1:rt1um
— -Tb?['al Orgamc Carbon (TOC)
- <Total Organic Nitrogen (TON)
*Surface underway system: T, S, pCO,
* ADCP shipboard

«ADCP lowered o | Repeat Hydrography

[olsuppecthoiltnelusiciivar]andlcoNprograms]



7

_ _«_r'e‘r’ i o b
.-_ ) 1screte pCO2
B CCI and SF,
'-jg-__;; == _'_-. 513C

- sHe/trace metals

- *CTD transmissometer

= *Surface underway system:
——— e (nutrients, O,, Chlorophyll, DIC,
;‘ — == and surface skin temperature)

Repeat Hydrography

[nlsuppoctloffiheluslciTvarlandlcoNprograms]




Continuous analyzers

' _il"'"- N NO3 (nutrlent utilization)
G
s *180 of H,O

'_Total Organic Phosphorus
*Upper ocean optical profile
* 5’0 of O,

*Methyl halides

*DMS

*ADCP (Multibeam)

Repeat Hydrography

[infsuppoctlofltheluslelvArfand[coNprograms]




Schedule of US CO2/CLIVAR Hydrography Lines (as of 4/25/03)

Dates Crulse Ports

:

Contact/Chief Scientist
overall coordinator:
Jim Swift, 510

Bullister, PMEL

Bullister, PMEL

Toole, WHOI

Joyce, WHOI

Swift/Robbins, 510

6/19/03-7/10/03 AleM, leg 1 Reykjavik-Madeira
7/15/03-8/11/03 AlGM, leg 2 Madelira - Natal, Brazll
9/ 1503-10/13/03 A2D WHOL - Port OF Spaln
10/16/03-11/07/03 A22 Port Of Spain - WHOI
5an Diego-Honolulu-
Yokohama

austral summer 0% AlGS Montevideo-Fortaleza Grazll

summer 2004 P2 (two legs)

austral summer 05 P1leS wellington-Tahiti

2006 P16N Tahiti-Alaska

austral summer 07 S4F/PLleS wellington-Perth

austral summer 07 Welllngton-Perth

2008 FPunta Arenas-Easter Island
2008 Easter Island- San Diego
2008 Cape Town

2009 Port Louls/ Muscat

2009 Perth- Perth

2009 Perth- Calcutta

2010 Perth - Durban

planning
planning
planning
planning
2010 Abldjan-Cape Town planning
2011 AS Tenerife-Mlamil planning

2011 A2175044 Punta Arenas-Cape Town planning

1
1
1
1
2
3
3
4
S
5
s
&
s
)
)
7
B
B
=
=
1

2012 Al Rlo de lanelro-Cape Town

Woods Hole-Port of
Spaln-Woods Hole

planning
2012 AZ0/AZ22 planning

Years 1-6 are funded.




CLIVAR/CO, Repeat Hydrography Program -
Can we see dlfferences in the reoccqpmgmlons?

LT e —_——

»A16N (1988, 1993, 2003):

Warming of ~ 0.5°C is evident between Iceland and 32°N
from 100 — 700 dbar within the regional mode waters =

*Over the same latitude range, but between 300
and 1000 dbar, the AOU has increased

DIC (umol kg-1) along AT6N
NATL: 1993

Decadal increases in DIC of ~ 5 — 22 pmol kg! at
intermediate depths north of ~ 20°N indicate that - ot
the upper and mid-thermocline waters are rapidly -l ™ |
accumulating anthropogenic CO, S|

Increases in CFC-12 indicate that the upper
and mid depth waters are rapidly ventilated
with atmospheric gases



A16N 2003-1988 © difference (0.5°C IPTS-68)
with means overlaid

e
SS=s =2

S .-

Pressure [dbar]

J U clilll JUU LU

10 20 30 &

Latitude [ " ]

A16N 2003-1988 AOU differences (Sumol kg™!)
with means overlaid

Pressure [dhar]

!
] ,.‘,,.,@,a.,ﬂr-_ra

T
20 30
Latitude [%]

+

Note: Magenta contours are the means on each section.
® and AOU have been smoothed by 40 dbar vertically and 5° horizontally.

Repeat Hydrography

[oluppotlofiihelusiclvARTandlco lprograms]




Recording
temperature
and salinity

as it rises

ﬁ%ﬁ&_é'@n_ full of profiling floats and
gliders ideal for measuring
- O, inventories

0 10 gays

Can we adapt them for C O,?

Repeat Hydrography

[olsuppecthoiltnelusiciivar]andlcoNprograms]




atellite Sensors

tteromete;s n_%
'QSCAT 1999

--l—l'

VTRD |

Sea Surface Height anomalies: (3 altimeters)

NASA Ocean Color Research Team Meeting



Repeat Hydrography
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